12 United States Patent

Haikin et al.

(10) Patent No.:
45) Date of Patent:

US007106474B1

US 7,106,474 B1
Sep. 12, 2006

(54)

(75)

(73)

(%)

(21)
(22)

(1)

(52)
(58)

(56)

COLOR MANAGEMENT SYSTEM USING
MEASURED DEVICE DATA

Inventors: Johmn S. Haikin, Fremont, CA (US);

Todd D. Newman, Palo Alto, CA (US)

Assignee: Canon Kabushiki Kaisha, Tokyo (IP)

Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 0 days.

Appl. No.: 09/540,012

Filed: Mar. 31, 2000

Int. CL.

GO6F 15/00 (2006.01)

GO3F 3/08 (2006.01)

US.CL . 358/1.9; 358/523

Field of Classification Search ................. 358/1.9,

358/1.6, 1.8, 1.15, 523, 524, 520; 710/1,

710/5, 6,7, 382/162

See application file for complete search history.

0,128,415
0,249,315
0,282,313
0,343,295
0,362,808
6,456,293
0,456,340
6,480,299
6,603,483
0,628,822
0,628,826
0,633,008
0,671,067
0,704,442

WX EEEEWEW»

w % % %

e - S < -

10/2000 Hultgren et al. ............ 382/276
6/2001 Holm .......ccoveveiininn, 348/251
8/2001 McCarthy et al. .......... 382/162
1/2002 MacLeod et al. ....... 707/103 R
3/2002 Edge et al. ................. 345/601
9/2002 Grandy ........coeeeninininn, 345/591
9/2002 Margulis .....coceevenenennns 348/745

11/2002 Drakopoulos et al. ....... 358/1.9
8/2003 Newman .................... 345/593
9/2003 Nakabayashi et al. ...... 382/162
9/2003 Gilman et al. .............. 382/167

10/2003 Newman .................... 382/166

12/2003 Adam et al. ................. 358/1.6
3/2004 Haikin et al. ............... 382/162

(Continued)

OTHER PUBLICATTONS

“Graphic technology—color reflection target for imput scanner
calibration”, NPES The Association for Suppliers of Printing and
Publishing Technologies, ANSI IT8.7/2-1993, Jun. 21, 1993, pp. 3,
12-14, 18-29.

(Continued)

69

71

References Cited Primary Examiner—Madeleine A V Nguyen
US. PATENT DOCUMENTS (74) Attorney, Agent, or Firm—Fitzpatrick, Cella, Harper &
Scinto
5,257,097 A * 10/1993 Pineau et al. ............... 358/500
5313,267 A * 5/1994 MacFarlane et al. ........ 356/405 (57 ABSTRACT
5,365,353 A 11/1994 Kraft ..covvvvvinnininnnnnen.n. 358/518
5,416,890 A * 5/1995 Beretta ...cocovvvnvenennnnnnn. 345/590
5,608,549 A 3/1997 Usami ...cooeevvvnnrvvnnnnnnn 358/530 Managing color data to transform source color image data
5,615,282 A 3/1997 Spiegel et al. .............. 382/167 from a source device mto destination color 1mage data for
5,748,858 A * 51998 Ohtsuka et al. .............. 358/1.9 rendering by a destination device, including accessing a
5,754,184 A * 5/1998 Ringetal. .................. 345/604 source color data file corresponding to the source device, the
3,778,106 A ) 71998 Juenger et al. ............. 382/275 source color data file containing source device color char-
5,806,081 A ) /1998 Swen et al. ................ 715/528 acteristic data, constructing a source color transform based
5,818,960 A * 1071998 Gregory et al. ............. 382/167 on the source device color characteristic data contained in
5,835,627 A * 11/1998 Higgins et al. ............. 382/167 the source color data file. and anslvine the source color
5,949,962 A 9/1999 Suzuki et al. ............... 395/109 transform to the source C(;IOI' im&ll)peyda%a to transform the
5,999,703 A 12/1999 Schwartz et al. ........... 395/109 lor ; data f S dev; 1
6.037.950 A * 3/2000 Meir et al. ovvoveven... 345/427 ~ Soutee color 11111ag§: 4 ;Om.a SOUICE .ewcei QIO Spate
6,062,137 A *  5/2000 Guo et al. wvvvvvveveennn. 101/171 ~ 1nto nterim color image data in an inferim color space.
6,088,038 A 7/2000 Edge et al. ................. 345/600
6,108,442 A 8/2000 Edge et al. ................. 382/167 33 Claims, 9 Drawing Sheets
COLOR MANAGEMENT MODULE
~
65 —~
70
COLOR TRANSFORM [
02 ~ GENERATOR
DESTINATION
DEVICE
SOURCE COLOR COLOR APP. SPACE COLOR
_d IMAGE FILE PROFILE
63 ] COLOR APF.
COLOR - MODEL
IMAGE FILE COLOR DATA
ARCHIVE FILE i
COLOR IMAGE SOURCE COLOR INTERIM DESTINATION DESTINATION
» COLOR IMAGE COLOR COLOR IMAGE
e PATA TRANSFORM DATA TRANSFORM | || DATA




US 7,106,474 Bl
Page 2

U.S. PATENT DOCUMENTS

6,873,434 B1* 3/2005 Kohler et al. ................ 358/1.9
6,954,286 B1* 10/2005 Muramoto .................. 358/1.9
2002/0154325 Al1l* 10/2002 Holub ......c.coceeeenineiin. 358/1.9
2003/0053682 Al* 3/2003 Haikin et al. ............... 382/162
2003/0053683 Al* 3/2003 Newman et al. ............ 382/162

OTHER PUBLICATIONS

“Argyll Color Management Project”, (visited Oct. 19, 2000) <http://
www.web.access.net.au/argyllcmm. html>, 5 pages.

Gill, Graeme W., “Argyll Color Correction System: Simple CMYK
Profile Generator”, Nov. 9, 1996, 7 pages, 1996 ©.

Gill, Graeme W., “Argyll Color Correction System: Test Target
Chart Generator”, Sep. 28, 2996, 9 pages, 1996 ©.

Gill, Graeme W., “Argyll Color Correction System: PostScript Print
Chart Generator Module”, Sep. 28, 1996, 17 pages, 1996 ©.

Gill, Graeme W., “Argyll Color Correction System: DTP51 Target
Chart Reader”, Oct. 4, 1996, 11 pages, 1996 ©.

Gill, Graeme W., “Argyll Color Correction System: Scanin: Input
the scan of a test chart, and output cgats data, Uses scanrd to do the
hard work™, Jan. 29, 1997, 9 pages, 1995 ©, 1996 © and 1997 ©.

Gill, Graeme W., “Argyll Color Correction System: CMYK Device
Profile Generator”, Feb. 15, 1997, 5 pages, 1996 ©, 1997 © and
2000 ©.

“File Format for Color Profiles”, International Color Consortium®
Specification ICC.1:1998-09, © 1998.

Fairchild, Mark, Tutorial Notes from The Seventh Color Imaging

Conference, “13, Color Appearance Modeling and CIECAM97s”,
pp. 7-9, Nov. 1999,

“Discussion on papers dealing with colour-profiles, file compres-
sion and colour management systems,” Proceedings of the CIE

Expert Symposium 96 Colour Standards for Image Technology,
Mar. 25-27, 1996.

* cited by examiner



U.S. Patent Sep. 12, 2006 Sheet 1 of 9 US 7,106,474 B1

1

“

COLOR PROFILE

COLOR TRANSFORM

GAMUT BOUNDARY DESCRIPTOR

FIG. 1
(PRIOR ART)



U.S. Patent Sep. 12, 2006 Sheet 2 of 9 US 7,106,474 B1

FIG. 2




US 7,106,474 B1

Sheet 3 of 9

Sep. 12, 2006

U.S. Patent

& Old
M”__” 4 1NAOW LNIAWIDVYNVIN 4O10D
651 S311d VAVA HO 10D 8/11 1 X3 3DIA3A
el S3114d0dd HO10D 30IAIA
el wm_.:__n_.m_m__u'__,.._.o
e S3d11d JOVINI
cel SH4AIHA 40IA3Ad H3H10

el d3AIHA BaNNVOS
col d4AIdAd d31NI"d

201 d3AIdd HOLINOW

d3AIdd vH3NVO 1VLIDIA

2341

oel SIWYHDOHd NOILYDINddY JL 9Ll
_ WILSAS ONILYHIJO DNIMOANIM H
J0OV44dLNI JOV4HILNI —— _
0ct 6LL o

SNd H31NdNOD

PLI

SOVIHAINI | | 39y4y3)NI JOV4HILINI | | 3OV4HILINI | | 30vaH3LN

JOV4H3LNI

VHINVO HINNVIS

NdO
VLISIA d41Nldd 3SNON AdvOdA3N AHOMLAN

ocl Scl 144! ecl ccl 601 !



¥ "Old

viva dn3

A N .L:'&P

616'¢¢ €69t €le'te ¢l 6S¢ L2l 1OV

US 7,106,474 B1

viva N1D3g
&N
= Sl 1VYNHO4 viva an3
N Z ZAX A ZAX X ZAX '8 8994 D 894 H g94 ‘al I1dNVS
@ LYWHO4 viva NID3g
& pED
000'8L @13I4 DNILdYAY 40 IONVNINNT
o cev 6€0°'6L Z ANNOHODMJIVE 2€0°0 A ANNOYOMIVE ‘6€0'6F X ANNOHYOINOVE
< 1S0'601 Z LNIIGNY ‘8S51L°00L A INIIGNV ‘Z61°'G6 X LNIIGNV “IOVHIAV ANNOHHNS
ol ocy - L6196 Z LNIOd JLIHM ‘851°00L A LNIOd 3LIHM ‘261'66 X LNIOd JLIHM
N "
5 /2 S13S 40 H3gwnN

cOP ~
Z SA7314d 40 H3IGWNN

00/1L£/€0. A3LVIHD
.eldwe) Joysiin, HOLdIHIS3a
X Auedwo)d, HOLVNIDIHO
INFWIHNSYIN YHINVYD

00y 3J1id vivd 40100

U.S. Patent

NOILHOd
vivQ

\ozy

LY

NOILHOd
1VINHOA

/o:u

$37

NOILHOd
d3dVY3H

/_.ov



U.S. Patent Sep. 12, 2006 Sheet 5 of 9 US 7,106,474 B1

COLOR IMAGE FILE 500

510

HEADER
511

COLOR DATA FILE

512

COLOR IMAGE DATA




US 7,106,474 B1

Sheet 6 of 9

Sep. 12, 2006

U.S. Patent

vivQ

JOVINI HOT0D
NOILYNILS3IA

WHO4SNVHL
d0100
NOILVYNILS3A

3 11404d
d0100

J3OIA3A
NOILVYNILS3d

0L

9 "Old

V1ivd
JOVINI HO10D
NIH3LNI

99

9
- 14d0ONW -

89

NHO4SNYHL
HO102D IDHNOS

'ddV 30100
32VdS 'ddV HO102

dOLYHINID

WHO4SNVH1l HO100D

S9

J1NJON LNIWIODVNVIN HOT10D

— — ¥9
vV.ivd

JOVINI HO 10D

3114
v1va "HO10D

£9

3114 JDVIAI
"d0O 100 F0HNOS

JAIRDOHY

31134 FOVAI
d0100

19



U.S. Patent Sep. 12, 2006 Sheet 7 of 9 US 7,106,474 B1

S701

ACCESS SOURCE COLOR
DATA FILE (EXTENDED IT8)

EXTRACT SOURCE DEVICE STz
COLOR CHARACTERISTIC DATA
AND VIEWING CONDITION DATA
S703

SELECT APPROPRIATE COLOR
MANAGEMENT MODULE
S704
SELECT COMBINATION OF COLOR APPEARANCE
MODEL AND COLOR APPEARANCE SPACE

S705

CONSTRUCT SOURCE COLOR TRANSFORM

S706

S707

STORE SOURCE

COLOR SOURCE COLOR
TRANSFORM THANSFOHM

NO FIG. 7

S708

APPLY

SOURCE COLOR

TRANSFORM
?

S709

APPLY SOURCE COLOR TRANSFORM TO
SOURCE COLOR IMAGE DATA TO
GENERATE INTERIM COLOR IMAGE DATA

APPLY
DESTINATION COLOR

TRANSFORM
?

o711

APPLY DESTINATION COLOR
TRANSFORM TO INTERIM COLOR
IMAGE DATA TO GENERATE
DESTINATION COLOR IMAGE DATA

S712
RENDER DESTINATION COLOR IMAGE DATA
m ON DESTINATION COLOR DEVICE

S713




US 7,106,474 B1

Sheet 8 of 9

Sep. 12, 2006

U.S. Patent

8 Ol

16

V.ivd
JdOVIAI HO10D
NOILVNI|LS3d

FONINOIS
NOILYINHO4SNYHL

— vivd —

JOVINI BO100

WNHO4SNVYHL
d0 102 30dN0S

- 1400 -

_ 'ddV 40100

30VdS
'dd¥ H0O100

d31S
NHO15NVdL
1NNVO

NHOJSNVHL
HO100

NOILVNILS3Id

3115
vivd 40100

3114 IOV
14140530 d01700 304N0S

LANWVO

371404 14140530
HO10D 3DIA30 1NAVD

NOILVYNILS3A NOILVNILS3d 30HNOS

HOSS300Hd >
viva "d0O1090 )

S8

08 ITNAON LNIJWIDVYNVIN HO10D

e

8

JAIHOYY

3114 OVIAI
HO 100



U.S. Patent Sep. 12, 2006 Sheet 9 of 9 US 7,106,474 B1

ACCESS SOURCE COLOR DATA FILE (EXTENDED I1T8)

S9a01
EXTRACT SOURCE DEVICE COLOR CHARACTERISTIC
DATA AND VIEWING CONDITION DATA
S903
SELECT APPROPRIATE COLOR MANAGEMENT MODULE
S904
SELECT COMBINATION OF COLOR APPEARANCE
MODEL AND COLOR APPEARANCE SPACE
S905

CONSTRUCT SOURCE COLOR TRANSFORM

AND SOURCE GAMUT BOUNDARY DESC.

S906
/

S902

S907

SAVE
STORE SOURCE 1 ves_~SoURCE coLoR

COLOR
TRANSFORM - TRAN%’:ORM
NO
ACCESS DESTINATION COLOR TRANSFORM
AND DESTINATION GAMUT BOUNDARY DESC.
S909
CREATE GAMUT TRANSFORMATION STEP

5910

CREATE TRANSFORMATION SEQUENCE

S911

S908

S912

SAVE
STORE
TRANSFORMATION kYES TRANSFORM

SEQUENCE - SEOU'?ENCE
NO

APPLY
TRANSFORM

SEQUENCE
7

S913

APPLY TRANSFORMATION SEQUENCE TO 5914
SOURCE COLOR IMAGE DATA TO GENERATE
DESTINATION COLOR IMAGE DATA
S915

END RENDER DESTINATION COLOR IMAGE DATA
ON DESTINATION COLOR DEVICE

S916



Us 7,106,474 Bl

1

COLOR MANAGEMENT SYSTEM USING
MEASURED DEVICE DATA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a color management
system for transforming color data, wherein the color man-
agement system utilizes measured calorimetric data and
viewing condition data corresponding to a source device for
generating appropriate color transforms for use in a color
transformation sequence to transform color 1mage data into
a destination device color space. In this manner, a color
transform corresponding to the source device 1s not gener-
ated until 1t 1s required by a color management system for
transforming color image data 1into a destination device color
space.

2. Incorporation by Reference

Commonly-owned U.S. patent application Ser. No.
09/538,947, entitled “Standardized Device Characteriza-
tion,” by John S. Haikin, 1s incorporated herein by reference.

3. Description of the Related Art

Typically, color management systems provide a means for
representing a color image that was produced by a source
device on a destination device. The color characteristics of
the source device and the destination device for rendering
colors 1s usually different because the devices use different
colorants to render the colors, such as a printer and a
monitor, or are of diflerent manufacturers such that colors
are rendered according to different techniques. To accom-
modate the different color characteristics of the two different
devices, a color management system 1s typically used to
modily the color image data from the source device so that
it can be rendered on the destination device so as to produce
a color image which appears similar 1n nature as the color
image rendered by the source device.

Many currently-used color management systems, such as
those that support the International Color Consortium (1CC)
specifications, use data files known as “device color pro-
files” to store information which reflects the color charac-
teristics corresponding to a specific device. FIG. 1 depicts a
device color profile 1 typically used in conventional color
management systems. Specifically, the color characteristic
information 1s provided in color transtorm 2 which reflects
the color characteristics of the source device in relation to a
standard, device-independent color space. The color trans-
form can then be used to transform color 1image data from
the source device color space into the device-independent
color space as a {irst step 1n a comprehensive transformation
sequence to ultimately generate color image data in desti-
nation device color space for rendering by the destination
device. Color profile 1 also includes gamut boundary
descriptor 3 which describes the gamut boundary of the
device.

The color transtorm of a color profile corresponding to a
particular device 1s typically in the form of color transior-
mation data which 1s generated by a profile-building pro-
gram. It should be noted that there are several different types
of profile-building programs for generating color transior-
mation data. A profile-building program constructs the color
transformation data for a particular device from correspond-
ing sets ol iput color value data and output color value data
in conjunction with data reflecting expected viewing con-
ditions. The corresponding sets of input color value data and
output color value data reflect the color rendering charac-
teristics of the device 1n relation to a standard, device-
independent color space. The many different profile-build-
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2

ing programs currently in use often utilize different methods
and techniques to generate color transformation data, some
of which are proprietary. For example, a profile-building
program may incorporate a technique for generating color
transformation data which produces the best result for a
particular device or a particular type of image as determined
by the manufacturer or developer of the profile-building
program.

The color transformation data built by the profile-building
program 1s then used to transform color data values from a
source device color space to a particular, device-independent
color space, and visa versa. Therefore, the construction of a
color transform 1nvolves the selection of a particular color
space and a color appearance model. Currently, there are
several standard color spaces and color appearance models
from which to select. In addition, the specifications for
currently known, standard color spaces and color appear-
ance models are 1n a state of rapid evolution. As a result,
there currently exists a great number of profile-building
programs for generating color transformation data based on
different combinations of standard color spaces and color
appearance models; and the number 1s rapidly increasing. In
addition to the different choices of color spaces and color
appearance models, there are many different ways to repre-
sent color transformation data in a device profile. For
example, the color transformation data may be represented
in a color look-up table, a polynomial function, or a
sequence of single- and/or multi-vanate transforms of arbi-
trary complexity.

To further complicate matters, many color management
systems are designed to reduce processing overhead during
the transformation of color image data by optimizing the
color transformation data in order to increase the speed of
the transformation process. The color transformation data 1s
commonly optimized by eliminating a certain amount of
unnecessary and/or less important color data as determined
by the developer of the profile-building program. In addi-
tion, special proprietary functionality may be implemented
into the profile-building program in order to provide more
accurate color transformation from a source device color
space to a destination device color space 1n order to achieve
a preferred reproduction of the color image on the destina-
tion device. Therefore, 1t can be appreciated that the color
transformation data contained in device color profiles cor-
responding to two separate devices may be quite diflerent
even though the two devices are very similar 1n nature, due
to the use of two uniquely different profile-building pro-
grams to generate the color transformation data contained 1n
cach device color profile.

Device color profiles are typically structured 1n a stan-
dardized format i order to allow many different color
management systems to use color profiles which were built
by many different profile-building programs. The ICC has
defined and standardized a color profile format 1n order to
allow for the eflicient interchange of color 1mages from one
device to another via color management systems. The ICC
color profile format, however, 1s based on the assumption
that the originator of the color image data in the source
device knows what the best appearance of that color image
data on a destination device should be, regardless of the
actual destination device subsequently used to render the
color image. This assumption 1s made because the ICC color
profile format contains color transformation data which
assumes a particular, standard color space and a particular
appearance model for mapping (transforming) the color
image data into that color appearance space.
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Currently, digital color image data 1s widely used in
computer and networked computing environments, and the
use of such color image data i1s growing rapidly. Color image
data corresponding to color 1mages are often archived or
placed into stock photography banks for subsequent access
and utilization by other users. The use of such color image
data by a subsequent user can present significant problems
when the subsequent user attempts to transform the color
image data 1nto the color space of a destination device for
rendering a preferred reproduction of the color image. In
addition, the color image data, which 1s tagged with an ICC
color profile corresponding to the source device, may be
accessed from a stock photography bank for use by a
subsequent user long after the color image data was created.
In such a situation, the source color profile may be many
revisions old or, if enough time has gone by, the ICC color
profile format may no longer be used by color management
systems. In such situations, the color image data 1s eflec-
tively unusable by the subsequent user because the subse-
quent user’s color management system cannot interpret the
source color profile for use 1n a transformation sequence.
Even 11 the source color profile can be subsequently used by
a color management system, the color transformation data 1n
the color profile may have been based on a standard color
space or a color appearance model that 1s either incompat-
ible or sub-optimal when used 1n conjunction with color
transformation data from the color profile of the destination
device.

In addition to the above problems, the representation of
the color transformation data in the source device color
profile may have been implemented 1n a particular manner,
such as a three-dimensional color look-up table, which 1s not
suiliciently accurate to generate an optimal color transfor-
mation sequence. Moreover, even 1 the source device color
profile associated with the color image data and the desti-
nation device color profile are fully compatible, a subse-
quent user of the color image data may wish to generate a
different, preferred appearance of the color image, often
referred to as a preferred reproduction. Such a preferred
reproduction 1s typically not possible, or 1s very difficult,
when using conventional color profiles because a source
device color profile corresponding to the color 1mage data
incorporates a particular color space and a particular color
appearance model 1n the color transform.

SUMMARY OF THE INVENTION

The present invention addresses the foregoing problems
by providing a color management system for transforming,
source color image data, wherein the color management
system directly accesses and utilizes a source device color
data file containing source device color characteristic data
and viewing condition data and then constructs an appro-
priate source color transform for use 1n a color transforma-
tion sequence to transform source color image data mto a
destination device color space.

According to one embodiment of the ivention, a color
management system 1s provided to transform source color
image data from a source device into destination color image
data for rendering by a destination device. A source color
data file corresponding to the source device 1s accessed, the
source color data file containing source device color char-
acteristic data, a source color transform 1s constructed based
on the source device color characteristic data contained 1n
the source color data file, and the source color transform 1s
applied to the source color image data to transform the
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4

source color 1image data from a source device color space
into nterim color 1mage data in an interim color space.

Preferably, the source color data file 1s 1n a predetermined
format having tags corresponding to the source device color
characteristic data. A set of viewing condition data 1s pret-
erably also included in corresponding tags of the source
color data file. The source color transform 1s preferably
either applied directly to the source color image data or
incorporated mto a color transformation sequence for appli-
cation to the source color image data. Preferably, the source
device color characteristic data contains measured calori-
metric data and corresponding device signal data. In the
alternative, the source device color characteristic data rep-
resents spectral measurement data corresponding to the
source device.

By virtue of this arrangement, a color management sys-
tem 1s provided whereby raw calorimetric measurement and
device signal data corresponding to a source device 1s stored
in a standardized, formatted color data file for subsequent
use by a color management system to generate a source
device color transform. In this manner, the color manage-
ment system 1s not forced to use a color transform that was
originally created when the color image data was generated
by the source device. A subsequent user of the color image
data 1s therefore free to use a color management system
having a preferred combination of a color space, a color
appearance model and a desired set of viewing conditions 1n
order to create a source device color transform. Accordingly,
a source device color transform does not have to be created
until the color image data 1s subsequently accessed for use
by a subsequent user. In this manner, a set of color 1image
data 1s associated with a corresponding source color data file
that contains color characteristic data of the source device in
a well recognized, robust format for use by a varniety of
current, and not yet known, color management systems.

According to another embodiment of the invention, a
color management system 1s provided for managing color
data to transform source color image data from a source
device 1nto destination color image data for rendering by a
destination device. A source color data file corresponding to
the source device 1s accessed, the source color data file being
formatted according to a standard predetermined format and
having a plurality of tags containing source device color
characteristic data and a set of viewing condition data
corresponding to a set of viewing conditions in which the
source device color characteristic data was measured. A
source color transform 1s constructed based on the source
device color characteristic data and the set of viewing
condition data by utilizing an interim color space and a color
appearance model, the source color transform for transforms-
ing the source color image data from a source device color
space 1nto an interim color space. The source color trans-
form 1s incorporated 1mn a color transformation sequence
which 1s applied to the source color image data to transform
the source color image data from the source device color
space 1nto a destination device color space.

Preferably, the source color data file 1s 1n a predetermined
format having tags corresponding to the source device color
characteristic data. A set of viewing condition data 1s pret-
erably also included in corresponding tags of the source
color data file. The source color transform 1s preferably
either applied directly to the source color image data or
incorporated mto a color transformation sequence for appli-
cation to the source color image data. Preferably, the source
device color characteristic data contains measured calori-
metric data and corresponding device signal data. In the
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alternative, the source device color characteristic data con-
tains spectral measurement data corresponding to the source
device.

By virtue of this arrangement, a color management sys-
tem 1s provided whereby raw calorimetric measurement and
device signal data corresponding to a source device 1s stored
in a standardized, formatted color data file for subsequent
use by a color management system to generate a source
device color transform. In this manner, the color manage-
ment system 1s not forced to use a color transform that was
originally created when the color image data was generated
by the source device. A subsequent user of the color image
data 1s therefore free to use a color management system
having a preferred combination of a color space, a color
appearance model and a desired set of viewing conditions 1n
order to create a source device color transform. Accordingly,
a source device color transform does not have to be created
until the color image data 1s subsequently accessed for use
by a subsequent user. In this manner, color 1image data 1s
identified with a corresponding source color data file that
contains color characteristic data of the source device m a
well recognized, robust format for use by a variety of
current, and not yet known, color management systems.

According to yet another embodiment of the invention, a

memory 1s provided for access by a color management
system, the color management system for transforming
source color image data from a source device into destina-
tion color image data for rendering by a destination device.
The memory includes a colorimetric data structure stored 1n
the memory, the calorimetric data structure being formatted
according to a predetermined format and containing a set of
device color characteristic data elements representing a set
of color characteristics of a color device and a set of viewing
condition data elements representing a set ol viewing con-
ditions of a color device.

Preferably, the calorimetric data structure 1s in a prede-
termined format having tags corresponding to the device
color characteristic data elements. A set of tags correspond-
ing to the viewing condition data elements 1s preferably also
included. Preferably, the device color characteristic data
clements are represented i CIE XY Z color space or a linear
transform thereof. In the alternative, the device color char-
acteristic data elements contain spectral measurement data
clements representing spectral measurement values corre-
sponding to a color device. The memory having the calori-
metric data structure 1s preferably in the form of a computer-
readable medium such as a hard disk, floppy disk, CD-ROM

or a file 1n a file server which 1s accessible via the internet.

By virtue of this arrangement, raw calorimetric measure-
ment data corresponding to a color device 1s stored in a
standardized, formatted color data file for subsequent use by
a color management system to generate a source device
color transform. In this manner, a color management system
1s not forced to use a color transform that was originally
created when the color 1image data was generated in the
source device. A subsequent user of the color image data 1s
therefore free to use a color management system having a
preferred combination of a color space, a color appearance
model and a set of desired viewing conditions 1n order to
create a source device color transform. The aforementioned
teatures provide subsequent users with the ability to control
the type of source color transform used in transforming the
color image data into another color space. Furthermore, a set
of color image data 1s associated with a corresponding color
data file that contains color characteristic data of the source
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device 1 a well recognized, robust format for use by a
variety of current, and not yet known, color management
systems.

Another embodiment of the present invention provides a
memory for access by a color management system, the color
management system for transforming source color image

data from a source device 1nto destination color 1image data
for rendering by a destination device. The memory includes
a set of source color image data stored 1n the memory, and
a colorimetric data structure stored in the memory, the
calorimetric data structure formatted according to an
extended CGATS/I'T8 format mncluding a set of tags corre-
sponding to a set of device color characteristic data elements
representing a set ol measured color characteristics of the
source device, and including a set of tags corresponding to
a set of viewing condition data elements representing a set
of viewing conditions in which the device color character-
istic data elements were measured.

Preferably, the device color characteristic data elements
are represented 1 CIE XY Z color space or a linear transform
thereof. In the alternative, the device color characteristic
data elements contain spectral measurement data elements
representing spectral measurement values corresponding to
the source device. The memory having the colorimetric data
structure 1s preferably in the form of a computer-readable
medium such as a hard disk, floppy disk, CD-ROM or a file

in a file server which 1s accessible via the internet.

By virtue of this arrangement, raw colorimetric measure-
ment data corresponding to a color device 1s stored n a
standardized, formatted color data file for subsequent use by
a color management system to generate a source device
color transform. In this manner, a color management system
1s not forced to use a color transform that was originally
created when the color 1mage data was generated 1n the
source device. A subsequent user of the color image data 1s
therefore iree to use a color management system having a
preferred combination of a color space, a color appearance
model and a set of desired viewing conditions 1n order to
create a source device color transform. The aforementioned
features provide subsequent users with the ability to control
the type of source color transform used in transforming the
color image data into another color space. Furthermore, a set
of color 1mage data 1s associated with a corresponding color
data file that contains color characteristic data of the source
device 1 a well recognized, robust format for use by a
variety of current, and not yet known, color management
systems.

This brief summary has been provided so that the nature
of the 1nvention may be understood quickly. A more com-
plete understanding of the invention can be obtained by
reference to the following detailed description of the pre-
terred embodiment thereol 1n connection with the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram for explaining a typical device color
profile used in conventional color management systems.

FIG. 2 1s a representative view of a networked computer
system 1n which the present mnvention may be implemented.

FIG. 3 1s a detailed block diagram for providing an
explanation of the internal architecture of the computer
equipment shown in the computer system of FIG. 1.

FIG. 4 1s a view for 1llustrating a color data file according
to one embodiment of the present invention.
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FIG. 5 1s a detailed block diagram for providing an
explanation of an embedded color data file according to one
embodiment of the present invention.

FIG. 6 1s a detailed block diagram for providing an
explanation of a color management system according to one
embodiment of the present invention.

FI1G. 7 1s a flowchart for providing a detailed explanation
of the color management system shown in FIG. 6.

FIG. 8 1s a detailed block diagram for providing an
explanation of a color management system according to
another embodiment of the present mnvention.

FI1G. 9 1s a flowchart for providing a detailed explanation
of the color management system shown in FIG. 8.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

The present invention 1s generally directed to a color
management system for transforming source color image
data, wherein the color management system directly
accesses and utilizes a source device color data file contain-
ing source device color characteristic data and viewing
condition data and then constructs an appropriate source
color transform for use 1n a color transformation sequence to
transform source color image data into a destination device
color space. In this manner, source color image data can be
archived and an associated source color transform 1s not
constructed until i1t 1s subsequently needed by a color
management system for transforming the source color image
data 1into a destination device color space. A subsequent user
of the archived source color image data can thereby select
and/or control the type of color management system used to
construct the source color transform based upon a desired
combination of a color appearance space, a color appearance
model and a desired set of viewing conditions. The present
invention may be implemented 1n an output device driver,
such as a printer driver contained 1n a computing device, or
the present invention may be implemented 1n a color man-
agement software application module for use in a general
purpose computer. It can be appreciated that the present
invention 1s not limited to the aforementioned embodiments
and that the present invention may be implemented 1n other
forms as well.

FIG. 2 1s a view showing the external appearance of a
representative computing system including computing
equipment, peripherals and digital devices which may be
used 1n connection with the practice of the present invention.
Computing equipment 40 includes host processor 41 which
comprises a personal computer (hereinaiter “PC”), prefer-
ably an IBM PC-compatible computer having a windowing
environment such as Microsoft Windows 2000, Windows
NT, Windows 98 or Windows 93, although 1t may be a
Macintosh or a non-windows-based computer. Provided
with computing equipment 40 are color monitor 43 1nclud-
ing display screen 42, keyboard 46 for entering text data and
user commands, and pointing device 47. Pointing device 47
preferably comprises a mouse for pointing and for manipu-
lating objects displayed on display screen 42.

Computing equipment 40 includes a computer-readable
memory medium such as computer fixed disk 45 and/or
floppy disk drive 44. Floppy disk drive 44 provides a means
whereby computing equipment 40 can access iformation,
such as 1mage data, computer-executable process steps,
application programs, etc. stored on removable memory
media. A stmilar CD-ROM interface (not shown) may be
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provided for computing equipment 40 through which com-
puting equipment 40 can access information stored on
removable CD-ROM media.

Printer 50 1s a printer, preferably a color bubble jet printer,
which forms color 1images on a recording medium such as
paper or transparencies or the like. The invention 1s usable
with other printers, however, so long as the printer 1s capable
of being interfaced to computing equipment 40. In addition,
digital color scanner 70 1s provided for scanning documents
and 1mages 1nto computing equipment 40 and digital color
camera 60 1s provided for sending digital images to com-
puting equipment 40. Of course, computing equipment 40
may acquire digital image data from other sources such as a
digital video camera or from a local area network or the
Internet via network interface bus 80.

FIG. 3 1s a detailed block diagram showing the internal
architecture of host processor 41 of computing equipment
40. As shown in FIG. 3, host processor 41 includes central
processing unit (CPU) 113 which interfaces with computer
bus 114. Also interfacing with computer bus 114 are fixed
disk 45, network interface 109, random access memory
(RAM) 116 for use as main memory, read only memory
(ROM) 117, tloppy disk intertace 119, display interface 120
to monitor 43, keyboard interface 122 to keyboard 46,
mouse 1mterface 123 to pointing device 47, scanner interface
124 to scanner 70, printer interface 125 to printer 50, and
digital camera interface 126 to digital camera 60.

Main memory 116 interfaces with computer bus 114 so as
to provide RAM storage to CPU 113 during execution of
soltware programs such as an operating system, application
programs and device drivers. More specifically, CPU 113
loads computer-executable process steps from fixed disk 45,
another storage device, or some other source such as a
network, mnto a region of main memory 116. CPU 113 then
executes the stored process steps from main memory 116 1n
order to execute software programs such as an operating
system, application programs and device drivers. Data such
as color images can be stored 1n main memory 116, where
the data can be accessed by CPU 113 during the execution
ol computer-executable process steps which use or alter the
data.

As also shown 1n FIG. 3, fixed disk 45 contains operating
system 130, which 1s preferably a windowing operating
system although other operating systems may be used,
application programs 131, such as 1mage processing appli-
cations that include a color management module, and plural
device drivers, including a digital camera driver 132, moni-
tor driver 133, printer driver 134, scanner driver 135, and
other device drivers 136. Fixed disk 45 also includes image
files 137, other files 138, device color profiles 139, which are
discussed 1n more detail below, device extended I'T® color
data files 140, which are also discussed 1n more detail below,
and color management module 141 1 which the present
invention may be implemented. The functions of color
management module 141 are preferably provided in the
form of computer-executable process steps. As mentioned
above, the functions of color management module 141 may
be alternatively itegrated into an output device driver, such
as printer driver 134, or into an application program for
performing processing of color image data, such as one of
application programs 131.

FIG. 4 1s a view for illustrating one embodiment of a color
data file according to the present invention. In contrast to the
device color profile of FIG. 1, the color data file depicted 1n
FIG. 4 contains raw color characteristic data and viewing
condition data corresponding to a color device. In this
manner, a subsequent user of an archived color image 1s not



Us 7,106,474 Bl

9

forced to use a previously-generated color transform corre-
sponding to the source device that created the archived color
image. Instead, the color data file of the present mnvention
allows a subsequent user of the archived color image to
select and use a color management system having a pre-
ferred combination of a color space, a color appearance
model and a set of desired viewing conditions 1n order to
create a source device color transform for use i transforms-
ing the archived color image data into the color space of a
particular destination device.

The color data file of the present invention 1s preferably
a formatted file containing tags for the various data elements
included therein, including tags for the raw color character-
1stic data and viewing condition data corresponding to a
color device. Currently, a standardized data file format,
known as CGATS/ITS, exists for storing color characteristic
data corresponding to a color device. The CGATS/ITS
standard includes tags for storing measured calorimetric data
corresponding to a color device. For example, the CGATS/
I'T8 format can be used 1n a colorimetric measurement
scenar1o 1n which an array of color patches generated by a
color device 1s measured and the measured calorimetric data
corresponding to each color patch 1s stored in a color data
file having the CGATS/I'T8 format. In this manner, the
colorimetric data 1s stored in a standardized fashion for
future reference and use.

None of the CGATS/ITS8 standards provide tags for con-
taining both device control signals of the color device and
corresponding measured colorimetric data. For example, 1t 1s
often desirable to correlate a set of printer input signals to a
set of calorimetric data measured from the rendered color
image that was generated in response to the printer mput
signals. These correlated sets of data can then be used to
generate a color transform for modeling the printer’s color
characteristics and capabilities. In this regard, commonly-
owned U.S. patent application Ser. No. 09/538,947/, entitled
“Standardized Device Characterization,” by John S. Haikin,
provides an extended CGATS/IT8 format standard which
includes tags for contaiming device control signals of a color
device, 1n addition to the other extensions described therein.
In a stmilar manner, the present invention utilizes extensions
to the CGATS/ITS8 format including tags for device control
signal data as well as tags for viewing condition data. In this
manner, the extended CGATS/IT8 format of the present
invention contains color characteristic data and viewing
condition data corresponding to a color device for use 1n the
subsequent creation of a color transform corresponding to
the color device.

Turning to FIG. 4, a color data file corresponding to the
present mnvention 1s depicted. It can be seen from FIG. 4 that
color data file 400 i1s organized in a formatted fashion
corresponding to a predetermined format so as to include
header portion 401, format portion 410 and data portion 420.
Header portion 401 includes a format descriptor to describe
the format of color data file 400, which 1n this example 1s a
format for camera color characteristic data. An indication of
the originator of the data contained in color data file 400 1s
also 1included as well as a descriptor for describing the data
contained therein. Header Portion 401 also includes a cre-
ation date.

Header Portion 401 further includes
NUMBER_OF_FIELDS 402 which indicates the different
types of data provided in color data file 400 corresponding,
to each particular color measurement. In this case, NUM-
BER_OF_FIELDS 402 has a value of 7 corresponding to the
fields for SAMPLE _ID 411, RGB data 412, and XY Z data
413. As 1llustrated in Format Portion 410, SAMPLE 1D 411
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1s a field for containing an identification of the particular
color sample which 1s being measured. RGB data 412
includes red, green and blue data corresponding to device
signals for a particular color device being measured. As
discussed above, when measuring calorimetric data for a
printer, RGB data 412 represents the three RGB mput printer
signals for directing the printer to print a color image. XYZ
data 413 includes X, Y and 7Z components of measured
calorimetric data corresponding to a color device. As dis-
cussed above, when the color characteristics of a printer are
being measured, XYZ data 413 represents the three mea-
sured color values of the printed color 1mage. In the case of
a scanner, RGB data 412 represents output signals from the
scanner in response to scanning of a color 1mage, and XYZ
data 413 represents the measured calorimetric data of the
color 1mage being scanned. In this manner, both input and
output color data corresponding to a color device are pro-
vided within one file for subsequent access and used to
characterize and/or model the color capabilities of the color
device.

Header Portion 401 also includes WHITE_POINT data
430, SURROUND data 431, AMBIENT data 432, BACK-
GROUND data 433 and LUMINANCE_OF_ADAPTING_
FIELD data 434 for representing a set of viewing conditions.
Preferably, the viewing conditions represent the viewing
conditions measured at the time that the device signal data
elements, such as RGB data 412, and the measured calori-
metric data elements, such as XY 7 data 413, were recorded.
In this manner, the viewing conditions 1n which the color
device was measured can be stored in the same file with the

device signal data and measured calorimetric data for future
use.

WHITE_POINT data 430 1s a white point colorimetric
specification corresponding to the viewing condition white
point. AMBIENT data 432 1s an ambient colorimetric speci-
fication corresponding to ambient viewing conditions. SUR -
ROUND data 431 corresponds to surround colorimetric
specification for representing the remainder of the visual
field outside the background surrounding the color sample
being measured. BACKGROUND data 433 corresponds to
background colorimetric specification for a background of
the color sample being measured. The background com-
monly includes an area immediately adjacent to the point
being measured out to approximately 10 degrees. LUMI-
NANCE_OF_ADAPTING_FIELD 434 represents an adapt-
ing field colorimetric specification corresponding to the state
of adaption of a scene 1n which the sample point 1s being
measured. Such viewing condition measurements are com-
monly known 1n the art of color management. The afore-
mentioned array of viewing conditions enables a subsequent
user of color data file to properly use the color characteristic
data contained in color data file 400 for constructing a proper
characterization of the color device to which color data file
400 corresponds. For example, if color data file 400 corre-
sponds to a printer, then RGB data 412, XY Z data 413, and
viewing condition data 430 to 434 can be accessed and
utilized 1n order to create a proper color transform for
transforming color image data generated by the printer mnto
another color space, such as a profile connection space.

Data portion 420 of color data file 400 1s seen to have
corresponding data values for each of the alforementioned
fields described in Format Portion 410. Specifically, a row of
data 1n data portion 420 corresponds to a measured color
image sample identified as A01 for SAMPLE_ID 421.

Similarly, device signal data represented by RGB data 412
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1s provided 1n RGB values 422, and measured colorimetric
data represented by XY Z data 413 1s provided in XYZ data

423.

In this embodiment, RGB data 412 and XYZ data 413
represent device signal data and measured calorimetric data,
respectively. In the alternative, these fields can be used to
contain spectral measurement values corresponding to the
color device. In addition, viewing condition fields 430 to
434 can be used to represent a desired set of viewing
conditions in the case that RGB data 412 and XY Z data 413
contain spectral measurement values. In this manner, color
data file 400 has the flexibility to represent color character-
istic data of a color device 1n diflerent forms.

It can be appreciated that color data file 400 can be
maintained 1n a memory area, such as a floppy disk, hard
disk, CD-ROM, or a network server for access 1n a net-
worked computing environment, including the Internet and
World Wide Web. Preferably, color data file 400 1s embed-
ded 1n a color 1image file containing a set of color image data
for representing a color image. In this regard, FIG. 5 depicts
color image file 500 1n which color data file 511 1s embed-
ded. In particular, color image file 500 includes header 510
and color 1mage data 512 which corresponds to a color
image. Header 510 includes a tag for containing color data
file 511, color data file 511 corresponding to a color data file
as depicted in FIG. 4. In this manner, color data file 511
corresponds to the source color device, such as a digital
camera or scanner, which generated color image data 512.
Color image file 500 therefore provides a convenient pack-
age for combining color image data 512 with the color
characteristic and viewing condition data corresponding to
the source color device which generated color 1mage data
512. It can be appreciated that color image file 500 1is
beneficial for storing and archiving color image data such
that, regardless of the amount of time elapsed since the
generation of color image data 512, a subsequent user can
access color image file 500 and then access and utilize the
color characteristic data and viewing condition data con-
tained 1n color data file 511 to create an appropriate color
transform for use in working with color image data 512. In
this manner, a subsequent user of color image data 512 1s not
constrained to using an outdated color transform corre-
sponding to color image data 512, or a color transform
which produces sub-optical results with the subsequent
user’s color management system.

FIG. 6 provides a detailed block diagram for illustrating
the use of a color data file according to the present invention
in a color management system. Turming to FIG. 6, 1t can be
seen that source color image file 62 1s accessed from color
image archive 61 for use by a subsequent user. For example,
a graphic artist may browse color image archive 61 and
choose source color image file 62 corresponding to a color
image that the graphic artist wishes to use 1n a composition
image. Source color image file 62 contains color data file 63
corresponding to a source device as described 1n FIG. 4 and
also contains color image data 64. In this example, source
color 1image file 62 corresponds to a source device, and color
image data 64 1s 1n the RGB color space associated with the
source device (digital camera or scanner).

Color management module 60 1s then utilized for per-
forming color management of color image data 64 contained
in source color mmage file 62. Specifically, as discussed
above, a subsequent user of source color 1image file 62 can
select and/or control a preferred color management module
depending on the color appearance space and color appear-
ance model that the subsequent user wishes to apply to
create a source color transform from color data file 63. As
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represented 1n FIG. 6, color data file 63 1s passed to color
transform generator 65 which 1s a function of color man-
agement module 60. Color transform generator 65 utilizes
color appearance space 66 and color appearance model 67 1n
order to construct source color transform 68 based on the
source device color characteristic data and viewing condi-
tion data contained in color data file 63 as depicted in FIG.
4.

In particular, device signal data represented by RGB data
and measured colorimetric data represented by XY Z data are
accessed from color data file 63 for use by color transform
generator 65. In addition, viewing condition data 1s accessed
from color data file 63 for use 1n conjunction with the device
signal data and measured calorimetric data i order to
generate source color transform 68 for transforming color
image data 64 into color appearance space 66. In this
example, color appearance space 66 1s a profile connection
space. In addition, color appearance model 67 1s used to
define the source color transform 68. Source color transform
68 may be represented 1n the form of a look-up table, or 1n
other forms, such as a polynomial function, a single-variate
transform, or a multi-variate transtform. In addition, 1t can be
appreciated that color appearance space 66 can be any one
of a number of different types of color appearance spaces
such as a CIE Lab color space, or a color space composed
of a lightness component, and two orthogonal color com-
ponents for defining a chroma and a hue, such as Jch and Jab
color spaces. The present invention 1s not limited to the use
of the atorementioned color appearance spaces, and 1t can be
appreciated that other color appearance spaces may be used,
including other types of device-independent color spaces.

Color transform generator 65 of color management mod-
ule 60 generates source color transform 68 in accordance
with a particular color transform generation method and/or
algorithm. It can be appreciated that color management
module 60 may implement any one of a diflerent number of
color transform generation methods and/or algorithms. Such
color transform generation methods and/or algorithms may
include one or more optimization functions for optimizing
source color transform 68 to enable source color transform
68 to process color image data 64 1n a more eflicient fashion,
to process color image data 64 so as to achieve greater
accuracy 1n the reproduction of color 1image data 64, or to
process color image data 64 to achieve a particular pretferred
reproduction of color image data 64.

Source color transform 68 1s then applied to color image
data 64 1n order to create iterim color image data 69, which
in this example 1s 1 a profile connection space, thereby
allowing interim color image data 69 to be further processed
by other color transforms which are also in the profile
connection space. Source color transform 68 can also be
stored 1n a memory such as a floppy, hard disk, CD-ROM or
the like for subsequent access by a user 1n order to reduce
subsequent processing of color image data 64 or of other
color image data files generated from the same source
device. In the example illustrated 1n FIG. 6, interim color
image data 69 1s further transformed by destination color
transform 71 which was accessed from a typical destination
device color profile 70. It can be appreciated that destination
color transform 71 may alternatively be generated by color
transiform generator 65 11 a destination color data file similar
to source color data file 63 exists for the particular destina-
tion device. In any event, whether destination color trans-
form 71 1s accessed from destination device color profile 70
or 1s generated from color transform generator 65, 1nterim
color 1mage data 69 1s transformed into destination color
image data 72. In this example, destination device color
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profile 70 corresponds to an ink jet printer, and destination
color transtorm 71 therefore transforms the color image data
into a CMYK color space. Destination color image data 72
can then be rendered by the destination device, which 1n this
case 1s a printer.

FIG. 7 1s a flowchart for explaining one implementation
of the color management system and color data file of the
present invention as depicted i FIG. 6. In step S701, the
source color data file according to the present invention 1s
accessed, either from a separate memory area or from within
a source color image file as depicted 1n FIG. 6. In step S702,
the source device color characteristic data, such as device
signal data and measured calorimetric data, 1s extracted
along with the viewing condition data from the source color
data file. As previously discussed, the measured calorimetric
data 1s preferably 1n XYZ color space so as to provide
compatibility with both current and future color manage-
ment systems. An appropriate color management module for
managing the color image data to be processed 1s selected in
step S703. The color management module can be selected
based on a preexisting embedded combination of color
appearance space and color appearance model that are
desired by a user, or based on the manner in which the color
management module constructs a color transform.

Preferably, the color management module allows a user to
select from one of many different color appearance spaces
and from one of may different color appearance models to
create a color transform for optimal color management
results (S704). In step S705, a source color transform 1s
constructed based on the color characteristic data and view-
ing condition data extracted from the source color data file,
in addition to the color appearance space and color appear-
ance model utilized by the color management module. Next,
it 1s determined whether the user wishes to save the gener-
ated source color transform for future use (S706). If the
source color transform 1s to be saved, 1t can be stored 1n a
memory area such as a hard disk, floppy, CD-ROM or
network server, as discussed above (S707), and tlow then
passes to step S708. If the source color transform 1s not to
be saved, tlow passes to step S708 1n which 1t 1s determined
whether or not to apply the source color transform to the
source color 1mage data. If the user wishes to apply the
source color transform to the source color image data, the
source color transform 1s applied to the source color image
data 1n step S709 1n order to create interim color 1image data.

As discussed above, the interim color image data 1s
preferably 1n a profile connection space to facilitate further
color management of the interim color image data. If the
source color transform 1s not to be applied to the source
color image data, tlow passes to step S713 which i1s the end
of the process. If the interim color 1image data 1s generated
in step S709, tlow passes to step S710 i which 1t 1s
determined whether to apply a destination color transform
on the interim color 1mage data 1in order to generate desti-
nation color image data for rendering by a destination
device, such as a printer. If a destination color transform 1s
not to be applied, flow passes to the end 1n step S713. If,
however, a destination color transform 1s to be applied, flow
passes to step S711 1n which a destination color transform 1s
applied to the interim color image data, thereby generating
destination color 1mage data. As discussed above, a desti-
nation color transform may be accessed from a conventional
destination device color profile which contains a destination
color transform or, in the alternative, a destination color
transform may be generated in the same manner as source
color transform 68 of FIG. 6. In such a situation, a destina-
tion color data file similar to source color data file 63 1s
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accessed and a destination color transform 1s generated 1n a
manner similar to that described above with respect to steps
S701 to S705. In either case, the destination color transform
1s applied 1n order to create destination color 1image data.

In step S712, the destination color image data 1s passed to
the destination device, such as a printer, for rendering of a
color image. Flow then passes to the end (step S713). In this
manner, 1t can be appreciated that a subsequent user of an
archived 1mage file can select an appropriate color manage-
ment module to construct a source color transform from the
color characteristic and viewing condition data contained 1n
the source color data file, thereby achieving pretferred and/or
optimal color management of the color image data.

FIG. 8 provides a detailed block diagram for illustrating
the use of a color data file 1n a color management system
according to another embodiment of the present invention.
In this embodiment, the color data file 1s used to construct
a color transform which 1s incorporated into a comprehen-
sive color transformation sequence for application to color
image data. Turning to FIG. 8, 1t can be seen that source
color image file 82 1s accessed from color image archive 81
for use by a user. For example, a graphic artist may browse
color 1mage archuve 81 and choose source color image file
82 corresponding to a color image that the graphic artist
wishes to use 1 a composition 1mage. Source color 1image
file 82 contains source color data file 83 as described 1n FIG.
4 and also contains color image data 84. In this example,
source color image file 82 corresponds to a scanner, and
color image data 84 1s in RGB color space.

Color management module 80 1s then utilized for per-
forming color management of color image data 84 contained
in source color image file 82. Specifically, as discussed
above, a subsequent user of source color image file 82 can
select and/or control a preferred color management module
depending on the color appearance space and color appear-
ance model that the subsequent user wishes to apply to
create a source color transform from color data file 83. As
represented in FIG. 8, color data file 83 1s passed to color
transform generator 85 which 1s a function of color man-
agement module 80. Color data processor 83 utilizes color
appearance space 86 and color appearance model 87 1n order
to construct source color transform 88 based on the device
color characteristic data and viewing condition data con-
taimned 1n color data file 83 as depicted in FIG. 4.

In particular, device signal data represented by RGB data
and measured calorimetric data represented by XYZ data
from color data file 83 1s accessed for use by color data
processor 85. In addition, viewing condition data 1s accessed
from color data file 83 to be used 1n conjunction with the
device signal data and measured colorimetric data 1n order
to generate source color transform 88 for transforming color
image data 84 into color appearance space 86. In this
example, color appearance space 86 1s a profile connection
space. In addition, color appearance model 87 1s used to
define source color transform 88. Source color transform 88
may be represented by a look-up table, and 1t can be
appreciated that source color transform may be provided 1n
other formats, such as a polynomial function, a single-
variate transform, or a multi-variate transform. In addition,
it can be appreciated that color appearance space 86 can be
any one of a number of diflerent types of color appearance
spaces such as a CIE Lab color space, or a color space
composed of a lightness component, and two orthogonal
color components for defining a chroma and a hue, such as
Jch and Jab color spaces. The present invention 1s not limited
to the use of the atorementioned color appearance spaces,
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and 1t can be appreciated that other color appearance spaces
may be used, mcluding other forms of device-independent
color spaces.

Color data processor 85 of color management module 80
generates source color transform 88 in accordance with a
particular color transform generation method and/or algo-
rithm. It can be appreciated that color management module
80 may implement any one of a different number of color
transform generation methods and/or algorithms. Such color
transform generation methods and/or algorithms may
include one or more optimization functions for optimizing
source color transform 88 to enable source color transform
88 to process color image data 84 in a more eflicient fashion,
to process color image data 84 so as to achieve greater
accuracy 1n the reproduction of color image data 84, or to
process color image data 84 to achieve a particular pretferred
reproduction of color image data 84.

Color data processor 85 also generates source gamut
description 95 from source color data file 83. In this manner,
source color data file 83 does not need to contain a separate
gamut boundary description for the source device. In par-
ticular, the device signal data and measured calorimetric
data are utilized to generate source gamut boundary descrip-
tion 95.

It can be appreciated that source color transform 88 can be
applied to color image data 84, as depicted in FIG. 6;
however, source color transform can alternatively be incor-
porated 1nto a comprehensive color transformation
sequence, thereby allowing source color image data 84 to be
transformed into destination color image data 92. Source
color transform 88 can be stored 1n a memory such as a
floppy, hard disk, CD-ROM or the like for subsequent access
and use. In the example illustrated 1n FIG. 8, destination
color transform 89 1s accessed and utilized 1n conjunction
with source color transform 88 to create transiormation
sequence 91. Destination gamut description 96 1s also
accessed and used in conjunction with source gamut descrip-
tion 95 and a gamut boundary algorithm from color man-
agement module 80 to create gamut transform step 97.
Gamut transform step 97 1s then incorporated into transior-
mation sequence 91. Transformation sequence 91 i1s then
applied to color image data 84 to generate destination color
image data 92 for rendering on a destination device, such as
a printer. As discussed above, destination color transform 89
and destination gamut description 96 can be accessed from
a typical destination device color profile 90. It can be
appreciated that destination color transform 91 and destina-
tion gamut description 96 may alternatively be generated by
color data processor 85 if a destination color data file similar
to source color data file 83 exists for the particular destina-
tion device. In this example, destination device color profile
90 corresponds to an ink jet printer, and destination color
transform 89 1s used to transform color data mnto a CMYK
color space.

FIG. 9 1s a flowchart for explaining the color management
system and color data file according to the embodiment of
the present invention as depicted 1in FIG. 8. In step S901, the
source color data file according to the present invention 1s
accessed, either from a separate memory area or from within
a source color image file as depicted 1n FIG. 8. In step S902,
the source device color characteristic data, such as device
signal data and measured calorimetric data, 1s extracted, 1n
addition to the viewing condition data, from the source color
data file. As previously discussed, the measured colorimetric
data 1s preferably in XYZ color space so as to provide
compatibility with both current and future color manage-
ment systems. An appropriate color management module for
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managing the color image data to be processed 1s selected 1n
step S903. The color management module can be selected
based upon a preexisting embedded combination of color
appearance space and color appearance model that are
desired by a user, or can be selected based on the manner 1n
which the color management module constructs a color
transform.

Preferably, as depicted in step S904, the color manage-
ment module allows a user to select from one of many
different color appearance spaces and from one of may
different color appearance models to create a color transform
for optimal color management results. In step S905, a source
color transform and a source gamut boundary description are
constructed based on the color characteristic data and view-
ing condition data extracted from the source color data file,
in addition to the color appearance space and color appear-
ance model utilized by the color management module. Next,
it 1s determined whether the user wishes to save the gener-
ated source color transform and/or source gamut boundary
description for future use (58906). If the source color trans-
form and/or source gamut boundary description 1s to be
saved, 1t 1s stored 1 a memory area such as a hard disk,
floppy, CD-ROM or network server, as discussed above

(5907), and flow then passes to step S908.

Next, a destination color transform and a destination
device gamut boundary description are accessed in step
S908. As discussed above, the destination color transform
and destination gamut boundary description may be
accessed from a traditional device color profile or may be
generated 1n the same manner as the source color transform
and source gamut boundary description according to steps
S901 to S905 above. The source and destination gamut
boundary descriptions are then used in conjunction with a
gamut mapping algorithm to create a gamut transformation
step for inclusion into the transformation sequence (step
S909). The source color transform, the destination color
transform and the gamut transformation step are then incor-
porated 1nto a transformation sequence in step S910. In this
manner, a comprehensive color transformation sequence 1s
created for ethcient end-to-end processing of color image
data. It 1s then determined 1n step S911 whether to save the
transiformation sequence for future use. If so, tlow passes to
step S912 1n which the transtormation sequence 1s stored 1n
a memory, such as a floppy, hard disk, CD-ROM, network
server or the like. In either case, flow passes to step S913 1n
which 1t 1s determined whether to apply the transformation
sequence to the source color 1image data. If yes, the trans-
formation sequence 1s applied to the source color image data
to generate destination color 1mage data in step S914. If not,
flow passes to the end 1n step S916. If destination color
image data was generated 1n step S914, the destination color
image data 1s forwarded to the destination device for ren-
dering of a color image (S915). Flow then passes to the end
in step S916.

The present invention therefore provides a color data file
for storing raw calorimetric measurement and device signal
data corresponding to a source device in a standardized,
format for subsequent use by a color management system to
generate a source color transform. In this manner, a color
management system 1s not forced to use a color transform
that was originally created when the color image data was
generated by the source device. A subsequent user of the
color image data can then use a selected color management
system having a preferred combination of a color space, a
color appearance model and a desired set of viewing con-
ditions 1n order to create a source device color transform.
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Accordingly, a source device color transform does not have
to be created until the color 1image data 1s subsequently
accessed for use by a subsequent user. In this manner, color
image data 1s associated with a corresponding source color
data file that contains color characteristic data and viewing
condition data of the source device 1n a well recognized,
robust format for use by a variety of current, and not yet
known, color management systems.

The invention has been described with respect to particu-
lar 1llustrative embodiments. It 1s to be understood that the
invention 1s not limited to the above-described embodiments
and that various changes and modifications may be made by
those of ordinary skill in the art without departing from the
spirit and scope of the invention.

What 1s claimed 1s:

1. A method for transforming source color image data
from a source device mto destination color image data for
rendering by a destination device, wherein said method uses
a color management module which has a source color
transform generator for generating a source color transform,
said method comprising the steps of:

obtaining the source color image data, wherein the source

color image data 1s 1n a source color space correspond-
ing to the source device;

obtaining a source color data file corresponding to the

source device, wherein the source color data file con-
tains source device color characteristic data, and
wherein the source device color characteristic data
contains calorimetric data and corresponding device
signal data;

constructing a source color transform based on the source

device color characteristic data contained 1n the source
color data file, wherein said source color transform 1s
constructed by using the source color transform gen-
erator, and wherein the source color transform trans-
forms the source color image data to interim color
image data 1n an mterim color space; and

applying the constructed source color transform and a

destination color transform to the source color image
data to transform the source color image data from the
source device color space mto the destination color
image data.

2. A method for transforming color data according to
claim 1, wherein the source color data file further contains
viewing condition data corresponding to a set of viewing
conditions 1n which the source device color characteristic
data was measured.

3. A method for transforming color data according to
claim 2, wherein the viewing condition data includes ambi-
ent colorimetric specification data.

4. A method for transtorming color data according to
claim 2, wherein the viewing condition data includes sur-
round calorimetric specification data.

5. A method for transtorming color data according to
claim 2, wherein the viewing condition data includes back-
ground calorimetric specification data.

6. A method for transforming color data according to
claim 2, wherein the viewing condition data includes adapt-
ing field colorimetric specification data.

7. A method for transforming color data according to
claim 1, wherein the device signal data represents a set of
input command signal values for the source device.

8. A method for transforming color data according to
claiam 1, wherein the calorimetric data represents a set of
measured color values corresponding to a rendered color
image.
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9. A method for transforming color data according to
claim 1, wherein the device signal data represents a set of
output command signal values from the source device.

10. A method for transforming color data according to
claim 1, wherein the colorimetric data represents a set of
measured color values corresponding to a color image
rendered by the source device.

11. A method for transforming color data according to
claim 1, wherein the source device 1s a printer, wherein the
device signal data represents a set of input command signal
values for the printer, and wherein the colornmetric data
represents a set of measured color values corresponding to
a color 1image rendered by the printer.

12. A method for transforming color data according to
claim 1, wherein the source device 1s a scanner, wherein the
calorimetric data represents a set of measured color values
corresponding to a rendered color 1mage, and wherein the
device signal data represents a set of output signal values
from the scanner.

13. A method for transforming color data according to
claam 1, further comprising the step of incorporating the
constructed source color transform and the destination color
transform in a color transformation sequence, and wherein
said step of applying applies the transformation sequence to
the source color 1image data.

14. A method for transiorming color data according to
claam 1, further comprising the step of constructing the
destination color transform based on a destination color data
file, wherein the destination color transform transforms
color data from the interim color space to a destination
device color space.

15. A method for transforming color data according to
claim 1, wherein the destination color transform 1s contained
in a destination device color profile.

16. A method for transforming color data according to
claiam 1, wherein the iterim color space i1s a device-
independent color space.

17. A method for transforming color data according to
claim 1, wherein the construction of the source color trans-
form utilizes a color appearance model.

18. A method for transforming color data according to
claim 1, wherein the colorimetric data 1s 1n a standard color
space.

19. A method for transforming color data according to
claim 18, wherein the standard color space 1s an XY Z color
space.

20. A method for transforming color data according to
claim 1, wherein the construction of the source color trans-
form 1s based on a type of the interim color space and a color
appearance model.

21. A method for transforming color data according to
claim 1, wherein the source color transform i1s stored 1n a
memory.

22. A method for transforming color data according to
claim 1, wherein the source color transform i1s stored 1n a
device color profile.

23. A method for transforming color data according to
claam 1, wherein a source gamut boundary description 1is
generated from the source color data file.

24. A method for transforming color data according to
claim 23, wherein the source gamut boundary description 1s
used 1 conjunction with a destination gamut boundary
description and a gamut mapping algorithm to create a
gamut transiormation.

25. A method for transforming source color image data
from a source device mto destination color image data for
rendering by a destination device, wherein said method uses
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a color management module which has a source color
transform generator for generating a source color transform,
said method comprising the steps of:

obtaining the source color image data, wherein the source
color image data 1s 1n a source color space correspond-
ing to the source device;

obtaining a source color data file corresponding to the
source device, wherein the source color data file con-
tains source device color characteristic data, and
wherein the source device color characteristic data 1s
formatted according to a standard predetermined for-
mat and has a plurality of tags containing the source
device color characteristic data and a set of viewing
condition data corresponding to a set of viewing con-
ditions 1n which the source device color characteristic
data was measured;

constructing a source color transform based on the source
device color characteristic data and the set of viewing
condition data by utilizing an interim color space and a
color appearance model, wherein said source color
transform 1s constructed by using the source color
transform generator and a color appearance model, and
wherein the source color transform transforms the
source color 1mage data from the source device color
space 1nto interim color 1image data 1n the imterim color
space;

incorporating the source color transform 1n a color trans-
formation sequence; and

applying the color transformation sequence to the source
color image data to transform the source color image
data into the destination color image data.

26. An apparatus for managing color data to transform
source color image data from a source device into destina-
tion color image data for rendering by a destination device,
comprising: a program memory for storing process steps
executable to perform a method according to any of claims
1,2 to 12, 13, 14 to 16, 17, 18, 19, 20, or 21 to 25, and a
processor for executing the process steps stored mn said
program memory.

27. Computer-executable process steps stored on a com-
puter readable medium, said computer-executable process
steps for managing color data to transform source color
image data from a source device into destination color image
data for rendering by a destination device, said computer-
executable process steps comprising process steps execut-

able to perform a method according to any of claims 1, 2 to
12, 13, 14 to 16, 17, 18, 19, 20, or 21 to 25.

28. A computer-readable medium which stores computer-
executable process steps, the computer-executable process
steps to transform source color 1mage data from a source
device 1nto destination color image data for rendering by a
destination device, said computer-executable process steps
comprising process steps executable to perform a method
according to any of claims 1, 2 to 12, 13, 14 to 16, 17, 18,
19, 20, or 21 to 25.

29. A method for managing color data to transform source
color 1mage data from a source device 1nto destination color
image data for rendering by a destination device, wherein
said method uses a color management module which has a

color transform generator, said method comprising the steps
of:

accessing a source color data file of the source device and
a destination color data file of the destination device,
the source and the destination color data file containing,
colorimetric data and corresponding device signal data;
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constructing a source color transform based on the source
color data file by using the color transform generator;
and

constructing a destination color transtform based on the
destination color data file by using the color transform
generator;

generating a source gamut boundary description of the
source device based on the source color data file, and
a destination gamut boundary description of the desti-
nation device based on the destination color data file:

constructing a gamut transform based on the gamut
boundary of the source device and the destination
device gamut boundary description; and

applying the source color transform, the gamut transform
and the destination color transform to the color 1mage
data.

30. A computer-readable medium which stores computer-
executable process steps, the computer-executable process
steps to transform source color image data from a source
device into destination color image data for rendering by a
destination device, said computer-executable process steps
comprising process steps executable to perform a method
according to claim 29.

31. An apparatus for transforming source color image data
from a source device mto destination color image data for
rendering by a destination device, said apparatus compris-
ng:

a color management module which has a source color
transform generator for generating a source color trans-
form;

a first obtaining unit constructed to obtain the source color
image data, wherein the source color 1image data 1s 1n
a source color space corresponding to the source
device;

a second obtaining unit constructed to obtain a source
color data file corresponding to the source device,
wherein the source color data file contains source
device color characteristic data, and wherein the source
device color characteristic data contains colorimetric
data and corresponding device signal data;

a constructing unit constructed to construct a source color
transform based on the source device color character-
1stic data contained 1n the source color data file,
wherein said source color transform i1s constructed by
using the source color transform generator, and wherein
the source color transform transtforms the source color
image data to mterim color 1image data 1n an interim
color space; and

an applying unit constructed to apply the source color
transform and a destination color transform to the
source color image data to transform the source color
image data from the source device color space 1nto the
destination color 1mage data.

32. An apparatus for transforming source color image data
from a source device mto destination color 1mage data for
rendering by a destination device, said apparatus compris-
ng:

a color management module which has a source color
transform generator for generating a source color trans-
form;

a first obtaining unit constructed to obtain the source color
image data, wherein the source color 1image data 1s 1n
a source color space corresponding to the source
device;

a second obtaining unit constructed to obtain a source
color data file corresponding to the source device,
wherein the source color data file contains source
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device color characteristic data, and wherein the source
device color characteristic data 1s formatted according
to a standard predetermined format and has a plurality
of tags containing the source device color characteristic

22

an accessing unit constructed to access a source color data
file of the source device and a destination color data file
of the destination device, the source and the destination
color data file contaiming calorimetric data and corre-

data and a set fjf viewing C(ijlildl'[loill dataicorrespondmg 5 sponding device signal data:

to a set of viewing conditions in which the source _ _

device color characteristic data was measured: a first constructing unit constructed to construct a source
a constructing unit constructed to construct a source color color transtorm based on the source color data file by

transform based on the source device color character- using the color transform generator; and

istic data and the set of viewing condition data by 10 3 second constructing unit constructed to construct a

utllzlﬂlng 31111 interim ‘(zlolor Space alnd d colofr appedrdice destination color transform based on the destination

model, wherein said source color transiorm 1s con- color data file by using the color transform generator;

structed by using the source color transform generator _ _

and a color appearance model, and wherein the source a generating unit constructed to generate a source gamut

color transform transforms the source color image data 15 boundary description of the source device based on the

from the source device color space into the interim source color data file, and a destination gamut bound-

color image data in the interim color space; ary description of the destination device based on the
incorporating the source color transform 1n a color trans- destination color data file;

formatlon sequence; and | a third constructing unit constructed to construct a gamut
applying the color transformation sequence to the source 20 transform based on the gamut boundary of the source

color image data to transform the source color image
data into the destination color image data.
33. An apparatus for managing color data to transform

device and the destination device gamut boundary
description; and

an applying unit constructed to apply the source color

source color image data from a source device mto destina-
tion color image data for rendering by a destination device, 25
said apparatus comprising:
a color management module which has a color transform
generator; kok ok k%

transform, the gamut transform and the destination
color transform to the color image data.
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